Mapping the Relationship of Inter-Village Variation in Agroforestry Tree Survival with Social and Ecological Characteristics: The case of the Vi Agroforestry Project, Mara Region, Tanzania by Johansson, Karl-Erik et al.
Sustainability 2013, 5, 5171-5194; doi:10.3390/su5125171 
 
sustainability 
ISSN 2071-1050 
www.mdpi.com/journal/sustainability 
Article 
Mapping the Relationship of Inter-Village Variation in 
Agroforestry Tree Survival with Social and Ecological 
Characteristics: The Case of the Vi Agroforestry Project,  
Mara Region, Tanzania  
Karl-Erik Johansson 
1,*, Robert Axelsson 
1 and Ngolia Kimanzu 
2  
1  Forest-Landscape-Society research group, School for Forest Management, Faculty of Forest 
Science, Swedish University of Agricultural Sciences, SE-73921 Skinnskatteberg, Sweden;  
E-Mail: robert.axelsson@slu.se 
2  Social Capital Innovations International, Box 569, SE-10110 Stockholm, Sweden;  
E-Mail: ngolia.kimanzu@outlook.com 
*  Author to whom correspondence should be addressed; E-Mail: kalle.johansson@slu.se;  
Tel.: +46-73-033-1400. 
Received: 16 July 2013; in revised form: 23 October 2013 / Accepted: 25 November 2013 /  
Published: 4 December 2013 
 
Abstract: Agroforestry practices can improve the adaptive capacity and resilience of local 
farming and subsistence systems while providing livelihood benefits to households. However, 
scaling up of agroforestry technology has often proved difficult. Many studies have been 
carried out to explain the lack of tangible impact, based mainly on formal household/farm 
surveys comparing characteristics of non-adopters with that of adopters. In this study, we 
mapped the relationship between agroforestry tree survival in villages that were a part of 
the  Vi  Agroforestry  project  in  the  Mara  region,  Tanzania  with  key  social-ecological 
variables. A random sample of 21 households from each of 89 investigated project villages 
was used. The proportion of households with surviving agroforestry trees, varied from 
10%–90%  among  villages.  Social  and  ecological  differences  between  villages  were 
important explanations to this variation. Variables related to the project and its operations 
explained most of the inter-village variation in households with few surviving trees. To 
encourage the majority of village households to practice agroforestry their perceptions of 
tree ownership and the benefit of agroforestry were additional key factors to the project 
showing the importance of socio-cultural issues to the households’ decisions to continue 
beyond the initial tree planting and testing phase. 
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1. Introduction 
Scaling up the establishment of trees on degraded land, forest and arable land has received renewed 
attention with the increasing concern for climate change [1–3]. Agroforestry is increasingly being 
identified as one viable option to increased carbon sequestration and production of bio-energy that  
also contributes to local livelihoods, improved food security and agro-ecological resilience [4–11]. 
Nair et al. [4] argues that trading of sequestered carbon is an additional opportunity for economic 
income that can benefit resource poor small scale farmers in developing countries. Considerable research 
and development efforts in the past have encouraged agroforestry practices and have demonstrated the 
relationship between agroforestry and improved livelihood of small scale farmers [12–16]. However, 
to scale up agroforestry has often proved difficult and thus the benefits have not yet been fully realised.  
The  Vi  Agroforestry  (Vi-AF)  has  worked  with  agroforestry  development  among  resource  poor 
farmers since the mid 1980s [17–19]. One of its projects, the Vi Agroforestry Project located in the 
Mara region (Vi-AFP), Tanzania was the subject of this study. The project started in 1995 with the 
mission to  disseminate agroforestry practices for improved livelihoods among small scale farmers 
around Lake Victoria. During 1996 and 1997, the project expanded to the three rural districts in the 
Mara region bordering the lake. As the project progressed, it became obvious that project success was 
not only determined by the duration and number of project activities in a specific village. This study 
originated from this growing awareness. The initial aim of the research was to improve the effectiveness 
of the project operations. Recent contributions in the field of interactive research including learning 
through continuous evaluations to steer projects towards agreed goals and for successful interventions 
have added to the insights from this study [20,21].  
The majority of agroforestry-adoption studies have been based on formal household/farm surveys 
and comparisons of the characteristics of non-adopters with those of adopters [22–25]. Mercer [24] 
identified village-level and spatial analysis of agroforestry adoption as an important area for future 
research. Mainly based on adoption studies of improved tree fallow, Kiptot et al. [22] argued for the 
need to consider households within different stages of adoption, e.g., testers/experimenters, re-adopters, 
pseudo-adopters  and  adopters.  An  important  reason  behind  this  argument  is  that  the  motives  to 
continue  with  agroforestry  differ  among  farmers  depending  on  the  stage  he  or  she  is  in  [22,26].  
A recent study by Behre [27] highlighted the mismatch between objective and subjective quality of life 
conditions  as  important  factors for adoption. In addition, the  importance of the traditional village 
system [28–30] and differences in social capital [31,32] are important factors to consider and learn 
more about for interventions to be successful. 
In this study, the perspective has been elevated from the household and farm-level to the village 
level. The aim  was to map and illustrate the pattern of inter-village variation in agroforestry tree 
survival  with  key  differences  in  social  and  ecological  characteristics  among  project  villages.  Our Sustainability 2013, 5  5173 
 
 
working  hypothesis  was  that  village-level  differences  are  important  explanations  to  the  rate  of 
agroforestry adoption.  
2. Methods 
2.1. The Vi Agroforestry Program 
The Vi-AF is a Swedish Non-Governmental Organisation (NGO) based in Stockholm, Sweden. 
Today, the Vi-AF program reaches over one million people with training and advice administered 
through seven projects in the Lake Victoria basin. The activities of the program are financed via 
fundraising  from  the  public  and  grants  from  the  Swedish  International  Development  Cooperation 
Agency (Sida) [19]. Vi-AF started in 1983 as a tree planting project in Kenya [33] that was followed 
by projects in Uganda (1992), Tanzania (1995 and 1999) and Rwanda (2004).  
In 2001, the Vi-AF had established monitoring units in each project with the main aim to carry out 
periodic monitoring and evaluations. This study was conducted in the anticipation of a planned project 
evaluation that has not yet been carried out. 
2.2. Mara Region 
The part of the Lake Victoria basin in Tanzania covers an area of 84,920 km
2, which equals 46% of 
the total lake catchment area, and includes the Mwanza, Mara, Kagera and Shinyanga regions. The 
Mara Region is situated along the east side of Lake Victoria. At the time of the field work of this 
study,  the  Mara  region  had  five  districts:  Tarime,  Bunda,  Musoma  Rural,  Musoma  Urban  and 
Serengeti. On average, 667 people used one km
2 of cultivated land for their livelihood (estimate for 
year 2000; data for this study was collected in 2001).  
The lake zone is a strip of land about 10–15 km wide along the lake including parts of Tarime, 
Bunda, Musoma Rural and Urban Districts at 1100–1200 m.a.s.l. Most of the lake zone inhabitants are 
subsistence  farmers,  cultivating  crops,  keeping  livestock,  and/or  fishing.  Land  pressure  and 
deforestation are increasing rapidly. Agricultural production in the lake zone is low and unpredictable 
due to erratic rainfall, inherently poor soils and soil erosion. People are also faced with increasing 
poverty coupled with malnutrition and high incidences of disease. The annual precipitation is normally 
less than 900 mm divided in two main seasons, about mid-September to early December and March to 
June. The onset and duration of the rainy season is highly variable causing difficulties in predicting the 
timing of farm operations. This situation for agricultural practices is further aggravated by a commonly 
occurring mid-season (early December to March) dry spell. Soils in the lake zone are mainly sandy, 
easily exhausted and susceptible to erosion. There are also some areas with heavy clay soils that become 
seasonally waterlogged. Eleven ethnic groups are represented in the lake zone with the Jita, Luo and 
Kuria being the largest. Jita and Luo are semi-agropastoralist and Kuria are agro-pastoralists [34–36]. 
2.3. The Vi Agroforestry Project in Mara Region 
The  Vi  Agroforestry  project  in  Mara  region,  Tanzania  (Vi-AFP)  is  organized  as  a  local  NGO 
registered with the Ministry of Home Affairs in Tanzania. The project appraisal was carried out early 
in 1994. Field activities were initiated with the employment of the first project extension agents (PEA) Sustainability 2013, 5  5174 
 
 
in the beginning of 1995. The target group of the Vi-AFP was the subsistence oriented farmers with 
unsecure food supply, estimated to be 80% of the total population in the lake zone. The development 
objective was to make a substantial contribution towards an improved livelihood situation for this 
group, including increased food and nutritional security, fuel wood availability, and improved sources 
of income. The implementation approach used by the project was labelled as; age and gender sensitive 
participatory agroforestry extension. The number of PEAs increased from 16 in 1995 to 113 in 2000. 
At the end of 2000, the project had 155 permanent employees. 
Each PEA was responsible for a village or part of a village as their specific area of concentration 
(AoC).  In  the  project  area  there  were  104  villages,  with  about  34,500  households,  divided  into  
seven  subprojects  (Zones)  with  about  15–16  AoC/PEAs  in  each.  Each  zone  was  led  by  a  zonal 
manager  responsible for  general operations. All in all, the  project introduced 54 agroforestry  tree 
species,  including  long-term  trees,  soil-improvers  and  fruit  trees  with  multiple  benefits  to  the 
households and the environment in the lake zone. Soil improvement measures including planting of 
dense hedge rows in the crop fields, or short-duration improved fallow were used. To increase harvests 
and sustainability, the project combined agroforestry with soil and water conservation. In collaboration 
with  the  government  agricultural  extension  service,  improved  crop  varieties  were  gradually  also 
integrated with agroforestry and soil conservation [19,33,37,38]. 
2.4. Study Design and Variables 
In this study, a natural experiment design was employed [39]. Natural experiments differ from field 
experiments and laboratory experiments in that the experimenter does not establish the perturbation but 
instead selects cases where the perturbation is already running or has run.  
Kiptot et al. [22] and Ajayi et al. [26] argue that adoption studies ought to be based on multiple 
field surveys over a period long enough for farmers to actually adopt a technology. The empirical data 
used  in  this  study  consists  of  (1)  historical  project  documentation  such  as  internal  assessments, 
documented in reports and internal project documents (for more details see Johansson and Nylund [17], 
Johansson et al. [18] and [37]); and (2) a specific assessment in which data was collected in May 2001. 
The dependent variables were selected to represent different levels of surviving agroforestry trees on 
individual landholdings. Only surviving trees of species promoted by the project, i.e., agroforestry 
species  were  used  to  assess  the  variation  among  villages  in  project  outcome,  i.e.,  the  dependent 
variables (Table 1). These variables were based on random samples of 21 households in each village. 
Variation among villages in the proportion of households with one to 30 trees (Sr1-30) was used to 
capture households that had started to plant and use agroforestry trees from one to two seasons (Table 1). 
Variation in the proportion of households with 40 trees or more (Sr ≥ 40) and that with five or more 
agroforestry species (Sp ≥ 5) were used to capture households that had been committed to agroforestry 
on a more long-term and regular basis. Average number of trees per household in the villages (SrX) 
and the accumulated total number of seasons from which the sample households in a village had 
surviving trees (SrS) were used to capture the progression from the testing phase to a more long-term 
and recurring commitment to agroforestry. Sustainability 2013, 5  5175 
 
 
Table 1. Dependent variables used in the study. 
Abbreviation  Description of variable 
Variable characteristics 
type interval 
Sr1-30 
No of sample households with 1–30 agroforestry 
trees/soil-improvers (3 m soil-improvement  
hedge = 1 tree) surviving on their farm  
discrete/interval  0–21 
Sr ≥ 40 
No of sample households with 40 or more agroforestry 
trees/soil-improvers (3 m soil-improvement hedge = 1 tree) 
surviving on their farm 
discrete/interval  0–21 
Sp ≥ 5 
No of households with 5 or more surviving 
agroforestry-tree species of the species promoted  
by the project 
discrete/interval  0–21 
SrX 
Average number of agroforestry-trees/soil-improvers 
surviving per sample household in a village, i.e., the 
total number of surviving trees (3 meters of soil 
improvement hedges = 1 tree) divided by  
all 21 sample household  
continuous/interval  2.9–140.4 
SrS 
The accumulated total number of seasons from which 
the 21 sample household was found to have surviving 
agroforestry trees 
continuous/interval  3–41 
Project  staff  in  cooperation  with  district  agricultural  staff  (government  employees)  selected 
independent variables deemed potentially able to affect the dependent variables and to vary from one 
village to another. The final selection of variables was also influenced by the results from a literature 
review of similar studies.  
In  a  meta-analysis  that  investigated  on-farm  trees  and  hedgerows,  [25]  variables  related  to 
‘uncertainty and risk’ had the highest average significant influence on adoption across the 23 included 
studies. Local governance in the project area, where its beneficiaries live and act, influence their judgement 
on long term investments like tree planting, soil conservation and agroforestry. As collaboration was 
considered an important part of the local governance influencing project result in the villages five 
variables were included describing the local collaboration between PEA and households (VEHh), PEA 
and village leaders (VEVL, Cle), and between village leaders and households (VLHh, Clh) (Table 2). 
Furthermore, four key variables were included directly related to households’ perception of risk, 
beliefs of project beneficiaries (Local beliefs, Table 2) critical to agroforestry adoption; their perception of 
tree-ownership (Bh), the benefits of trees to soil and crop production (Be3), labour requirement to 
plant (Ps) or direct sow (Ss) a tree seedling/seed. 
Three  variables  related  to  the  physical  environment  (Table  2)  considered  to  be  important  to 
agroforestry adoption were part of the independent variables. Distance to the lake (LAK) and main 
domestic water source (MDW) were included as a permanent water source is important for watering of 
seedlings, particularly in areas with erratic rainfall, like the Mara Region. The main soil type (MS) was 
included as soil fertility is an important parameter when growing trees [40].  Sustainability 2013, 5  5176 
 
 
Table 2. Independent variables and factors affecting agroforestry adoption differentiated 
into five social and ecological subsystems of the local landscape (for a more comprehensive 
description of variables, see Appendix I). 
Subsystems of adoption  Factor  Variables 
i  Local governance  
local governance critical to 
agroforestry development 
local collaboration (VEHh, VEVL, VLHh,  
Cle, Clh,) 
ii  Local belief  
perceptions related to trees  
and agroforestry  
perceived labour requirement of tree 
establishment, perception of tree ownership and 
the benefits of agroforestry trees (Bh, Be3 Ps, Ss) 
iii  Physical environment  characteristics of soil and water 
main soil type, water source and distance to the 
lake (MS, MDW, LAK) 
iv  Subsistence system 
subsistence activities and practices 
affecting agroforestry establishment 
main economic activity, tilling method and 
main crop (MEA, MC, MTM) 
v  Project  project interventions 
level, duration and type of project activities and 
characteristics of the project extension agent 
(VIM, Tws, Ttu, SEX, VEHL, VELE, VEDE, 
VEM, VEIS, Kef, Def) 
Three variables were used to represent key attributes of the local subsistence/farming system that 
could potentially influence the integration of trees and soil improvement hedges in crop fields; the 
main economic activity MEA, main tilling method (MTM) and main crop (MC) used in the studied 
villages (Table 2).  
Sanginga et al. [41], Sood and Mitchell [40], and Ajayi et al. [26] highlight the importance of the 
extension  approach  and  organisation.  The  amount  and  duration  of  project  interventions  and  the 
capacity and characteristics of the project extension agent varied among villages. Three independent 
variables describe the project activities were included; duration of project activities (VIM), number of 
field workshops (Tws) and farmer to farmer torus (Ttu) conducted in the village. Seven variables were 
used to characterise the PEA, such as education (VELE, VEDE), in-service training (VEIS), gender 
(SEX), duration of project employment (VEM) and the beneficiaries perception of her/his capacity 
(Kef) and devotion (Def) in/to agroforestry..  
In total, 26 independent variables were included in the analyses (for a comprehensive description, 
see Appendix I). These variables represent social and ecological subsystems of the landscape related to 
agroforestry adoption (Table 2). 
2.5. Data Collection  
Data was collected during a field survey in May 2001. The field survey was designed to measure 
the project outcome in each of 89 PEA areas of concentration (AoC), i.e., a village or in some cases 
parts of larger villages, with an average of 305 households. This was done using a random sample of 
21  households  from each  AoC  with  a total sample size of 1869  households. One  member  of the 
selected household was interviewed. The first preference was to interview the head of the household. If 
this  was  not  possible  the  second  choice  was  to  interview  the  spouse  and  thirdly  the  oldest  adult 
member of the household. Ranking exercises was carried out using cards with symbols known by the 
farmers to represent the objects to be ranked. The interviewee was asked to place the cards in order of Sustainability 2013, 5  5177 
 
 
importance. Scoring exercises were done using equally sized boxes drawn on a big chart, each box 
with a symbol representing the objects to be scored, large tree seeds were then used for scoring, e.g.,  
3  seeds  to  represent  good,  2  seeds  to  represent  normal/neutral/moderate  and  1  seed  to  represent  
poor [42]. Project staff counted the number of project related seedlings and species in the nursery as 
well as those planted and surviving trees/seedlings and species on the farm. The number of seasons 
from which the household had surviving agroforestry trees was also established through interview and 
observation. This specific project assessment was done by 31 persons during 13 days making a total of 
403 person days. 
2.6. Data Analyses 
To ensure that the proportion between households with a positive response to project interventions 
were separated from the proportion of the households with no response a χ
2-test [43] was employed, 
testing the hypothesis of equal proportions in the 89 villages for all the four dependent variables based 
on village proportions, i.e., Sr1-30, Sr ≥ 40 and Sp ≥ 5. Furthermore, the residuals were studied for 
bias and normal distribution.  
A correlation analysis [43] was first made to map the relationship among the variables included in 
the  study  using  Pearson’s  correlation  criteria.  As  adoption  is  a  dynamic  process,  several  factors 
presumed to be independent are likely to influence one another. Therefore, these variables should not 
be  treated  in  isolation,  ignoring  their  mutual  interdependencies  [26].  Gujarati  [44]  argues  that  a 
multiple regression model including correlated predictors can give valid results in terms of how well 
the entire set of independent variables, the model as a whole, predicts the outcome variable, i.e., the 
response. Also, information may be lost because relevant variables may be omitted that may in turn 
result in biased coefficient estimates of the predictors remaining in the model [44]. Therefore, instead 
of excluding correlated independent variables the interdependence has been part of the analysis and its 
interpretation. Furthermore, Ajayi et al. [26] argues that, if individual characteristics are pulled out, it 
may turn out that a specific characteristic viewed as having a positive influence on adoption in one 
study may turn out to have a negative influence in another. However, keeping all variables in the 
stepwise  regression  analysis  would  mean  that  it  may  not  give  valid  results  about  any  individual 
predictor per se, or about which predictors are redundant with respect to others. 
The influence of the 26 independent variables on adoption were analysed using stepwise multiple 
linear  regression.  The main  reason  to  use  multiple  regression  analysis  is  to  learn  more  about  the 
relationship between several independent variables to a response variable (dependent variable) [45,46]. 
All 26 independent variables (x1–x26) were hypothesized to influence the dependent variables (Table 1), 
consisting of five different numerical measurement on ratio scale. From the models produced by the 
stepwise procedure the model with the largest number of variables and the highest R
2 was selected for 
each response based on the general model:  n n n e x x x Y          .... 2 2 1 1 0  where, Y is the dependent 
variable, β0 the intercept, β1, β2,..., βn are the coefficient of the explanatory variables x1, x2,..., xn and en 
the error term of the n
th observation.  
The  regression  models  were  constructed  using  Minitab™  with  the  default  stepwise  probability 
criteria of F to enter 0.150 and probability of F to remove 0.150. We followed recommendations to use 
a P-level between 0.10–0.20 in a model building as the aim was to search for possible explanatory  Sustainability 2013, 5  5178 
 
 
predictors [43,47–49]. The stepwise selection of models has been criticised, particularly due to the 
occurrence of type 1 errors, i.e., inclusion of variables that has no or limited effect [50]. The strategy 
used to tackle this problem was to complement the multiple regression analyses with a correlation 
analysis including both dependent and independent variables [26,43]. Furthermore, the independent 
variables included in each model were analysed individually against the response using simple multiple 
regression for continuous variables and single anova for discrete variables. Another possible solution 
to tackle the type 1 error would be to lower the level of significance of the probability criteria used in 
the stepwise procedure [50]. However, our choice was to keep the default level and complement with 
the correlation and individual analyses. Finally, we interpreted the models using the criteria provided 
from the stepwise analysis together with the result of the complementary analyses to draw conclusions 
about the influence of village differences on tree survival. 
3. Results and Discussion 
3.1. VI-Agroforestry Project Outcome  
After a slow and struggling start in 1995, the scaling up process started to gain momentum in 1999, 
increasing from about 5000 households to a total of 20,000 households with surviving agroforestry 
trees (Sr ≥ 1) in 2001 (Figure 1). 
Figure 1. Progress of scaling up in terms of total number of households in the project area 
with  surviving  trees  out  of  an  approximately  total  34,500.  Dotted  lines  and  light  grey 
columns are based on reports and internal project documents. The histogram indicates the 
additional number of households with surviving trees and/or soil improvers each year. 
 
* data from the project extension agents’ reports; ** data from participatory performance assessment in  
Aug-Sept 2000; households with surviving trees/soil improvers planted during the short rains in the end of 
1999/beginning of 2000 (275 mm rainfall) and the long rains lasting from March to end of April 2000,  
(340 mm rainfall); *** data collected for this study in May 2001.  
The average number of agroforestry trees surviving on farms (Sr ≥ 1) was: 21.8 long-term trees,  
5.3 fruit trees, 102 m of soil-improvement hedges including 7.6 agroforestry tree species per household 
on average. However, the variation from one village to another was considerable. In May 2001, the Sustainability 2013, 5  5179 
 
 
proportion of households with 10 or more surviving agroforestry-trees (Sr≥10) in the studied villages 
varied from 10%–90% (Figure 2).  
Figure 2. Inter-village variation in proportion of households with 10 or more surviving 
agroforestry trees of species promoted by the project. 
 
3.2. Correlation Analysis 
The correlation analysis reveals relationship between dependent and independent variables as well 
as among independent variables (Table 3). The proportion of households with few surviving trees  
(Sr1-30) had only a strong relationship to the number of workshops conducted in a village (Tws) (see 
Table 3). A lower positive correlation (<0.05) was found between the Sr1-30, the main tilling system 
and  the  households’  perception  of  the  PEA’s  capacity  in  agroforestry  (Kef)  and  their  ownership  
of trees (Bh).  
All  of  the  other  four  responses  describing  a  more  tangible  and  long-term  commitment  to 
agroforestry (Sr ≥ 40, Sp ≥ 5, SrX, SrS) were strongly and positively correlated to at least three of the 
independent variables, i.e., the number of training workshops (Tws) and farmer to farmer (Ttu) that the 
households claim participation in and that of tree ownership. In addition the accumulated total number 
of seasons from which the 21 sample household was found to have surviving agroforestry trees (SrS) 
was strongly correlated to the number of weeks the PEA had participated in project in-service training 
(VEIS). In general, the responses describing a stronger commitment to agroforestry were found to be 
correlated to a larger variety of independent variables and with a higher significance level compared to 
the Sr1-30 response, e.g., variables related to the project (Tws, Ttu) local belief system (Bh, Be3), local 
governance system (VEHh,VEVL, Cle).  
As shown in Table 3, the correlation analysis reveals a number of relationships between the independent 
variables used in this study contesting the multicolinearity among independent variables. Some of 
these correlations are obvious and logical, e.g., correlations between main soil type (MS), main tilling 
method (MTM) and main crop (MC). This was an expected relationship, as the soil type is one of the 
main factors determining the crop and the tilling method applied.  
PEA’s type of formal education (VEDE) was related to the PEA’s gender. Agriculture, forestry or 
land-use educations were more common among male PEAs whereas teacher, community development 
and animal health were more common among female PEAs. 
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Table 3. Matrix showing the level of significance of positive and negative (−) correlation 
(Pearson) between independent variables presented in Appendix I. Complete columns and 
rows without any correlation have been deleted.  
  LAK  MDW  MS  MC  MTM  VIM VEHh VEVL  SEX  VELE VEIS VEM  Be3  Bh  Ps  Ss  Kef  Cle  Clh  Ttu  Tws 
Dependent variable                                     
Sr1-30 
        *                  *      *        *** 
Sr ≥ 40 
                    *    *  ***        *    ***  *** 
Sp ≥ 5 
              **      *    *  ***            ***  *** 
SrX 
            *  *      *  *  *  ***        *    ***  *** 
SrS 
            *  *      ***  *    ***            ***  *** 
Independent variables                                   
MDW 
                                         
MC     
− ***                                     
MTM     
− ***  **                                   
MEA  * 
− ***  * 
− **                                   
VEHh                                           
VEVL                                           
VLHh              *                             
SEX             
− *                             
VELE          *                                 
VEDE                 
− **                         
VEIS            *                               
VEM            ***          *                     
Be3              *                             
Bh          *      *      *    **                 
Ps     
− *         
− **
           
               
Ss              *            ***    ***             
Kef                        *  *  *  **             
Def                    **      **        *         
Cle                          ***    *    **         
Clh                          ***          ***       
Ttu       
− *              *      **      *         
Tws          *    *  *      ***  **    ***    *  *  ***  *  ***   
* = <0.05 significance level; ** = <0.01 significance level; *** = <0.001 significance level. 
Improved collaboration (VEHh, VEVL, Cle, Clh), improved capacity of the PEA (VEIS, VEM) and 
an increasing proportion of households believing that sowing of tree seed (Ss) is easy and that they 
own the trees they plant (Bh) were all related to an increasing number of training workshops conducted 
in a village. 
An increasing proportion of households believing in the positive effect of agroforestry (Be3) was 
related to improved collaboration (Clh, VEHh, Cle, VEHh) and an increasing proportion of households 
believing that sowing of tree seed is easy (Ss), that they own the trees they plant, Bh) and in the PEA’s 
knowledge (Kef) and devotion (Def) to agroforestry. Kef was in turn also positively correlated to the 
households’ perception of local collaboration (Cle), tree ownership (Bh), PEA’s devotion to agroforestry 
(Def)  and  the  number  of  training  (Tws)  and  awareness  events  (Ttu)  they  had  participated  in. 
Furthermore, a positive interaction was also found between the proportion of households believing that 
they own the trees they plant (Bh) and local collaboration (VEVL). This multicolinearity proves that 
an interaction between different subsystems exists affecting agroforestry adoption (Table 2). Sustainability 2013, 5  5181 
 
 
3.3. Multiple Regression and Individual Analyses  
As has been explained above (Section 2.6), in spite of the multicolinearity found among independent 
variables it was decided to include all variables in the step-wise multiple regression analysis. 
The  hypothesis  of  equal  proportion  among  the  89  villages  was  rejected  (p-value  <  0.001)  for 
response variables Sr1-30, Sr ≥ 40 and Sp ≥ 5. The expected count exceeded 5 in both columns which 
is normally used as the lower limit in the χ
2 test. In terms of these three dependent variables based on 
proportion, the differences between villages can thus be considered contested. The distribution of the 
residuals of the five dependent variables was studied and found to be acceptable in terms of normal 
distribution, homoscedasticity and a linear relationship. 
Five models were generated, one for each of the responses presented in Table 1. For each model, all 
26 variables listed in Appendix I were entered into the stepwise procedure. The increase in R
2 was 
reasonable with the addition of each independent variable from X1 to Xi (see partial R
2 in Tables 4–8). 
All variables left in the models were significant at a 0.150 level, and no other variable met the 0.1500 
significant level for entry into the models. The F-ratio of explanatory variables in the five models 
described below are statistically significant at a confidence level lower than 0.001. Each independent 
variable included in the models has been tested against the response. The result of these tests are 
presented in the last column of Tables 4–8. 
Table 4. Output of the analyses related to the response explaining the inter-village variation 
in  the  village  proportion  of  households  (Hh)  with  1–30  surviving  agroforestry  trees  
(Sr  1-30),  including  eight  independent  variables  (Tws  =  average  number  of  field 
workshops  per  Hh,  Ttu  =  average  number  of  farmer-to-farmer  tours  per  Hh,  VIM  = 
duration of project activities in the village, Kef = Hhs’ ranking of the project extension 
agent’s knowledge in agroforestry, VEDE = the main discipline of the PEA’s education, 
Be3 = Hhs’ perception of the effect of agroforestry on the soil/crop, VEM = Months of 
PEA’s project employment and VEIS = weeks of in-service training attended by the PEA).  
P-values of the individual test of the independent variable against the response is presented 
in the last column; ‘a’ indicates single anova and ‘r’ simple regression. 
Step  Variable 
Parameter 
Estimate 
Standard 
Error 
Partial R
2  R
2  R
2 adj 
Mallows 
C-p 
t-value  P-value 
Individual test 
P-value 
Intercept  5.36                   
1  Tws  3.00  0.748  12.79  12.7  11.7  7.5  4.01  0.000  0.001  r 
2  Ttu  −5.60  1.903  6.04  18.8  16.9  3.1  −2.94  0.004  0.984  r 
3  VIM  −0.06  0.023  2.51  21.3  18.5  2.4  −2.62  0.011  0.415  a 
4  Kef  2.80  1.732  2.96  24.3  20.7  1.3  1.60  0.113  0.043  r 
5  VEDE  1.29  0.846  1.98  26.2  21.8  1.2  1.52  0.132  0.132  a 
6  Be3  −2.00  1.361  1.93  28.2  22.9  1.1  −1.45  0.151  0.784  r 
7  VEM  0.07  0.030  1.95  30.1  24.1  1.0  2.27  0.026  0.740  a 
8  VEIS  −0.50  0.291  2.47  32.6  25.8  0.4  −1.71  0.091  0.078  a Sustainability 2013, 5  5182 
 
 
Table  5.  Output  of  the  analyses  related  to  the  response  explaining  the  inter-village 
variation  in  the  village  proportion  of  households  (Hh)  with  40  or  more  surviving 
agroforestry trees (Sr ≥ 40), including six independent variables (Ttu = average number of 
farmer-to-farmer tours per Hh, Bh = Hhs’ perception of tree ownership, MTM = main 
tilling method used in the village, Be3 = Hhs’ perception of the effect of agroforestry on 
the soil/crop, Kef = Hhs’ ranking of the project extension agent’s knowledge in agroforestry 
and MDW = main source of domestic water). For further explanation see Table 4. 
Step  Variable 
Parameter 
Estimate 
Standard 
Error 
Partial R
2  R
2  R
2 adj 
Mallows 
C-p 
t-value  P-value 
Individual test 
P-value 
Intercept  3.01                   
1  Ttu  7.30  1.664  20.12  20.1  19.2  16.2  4.41  0.000  0.000  r 
2  Bh  6.60  1.616  10.33  30.4  28.8  5.1  4.07  0.000  0.000  r 
3  MTM  −1.18  0.598  3.14  33.5  31.2  3.2  −1.98  0.051  0.396  a 
4  Be3  3.10  1.394  2.49  36.0  33.0  2.0  2.21  0.030  0.045  r 
5  Kef  −4.20  1.764  3.39  39.4  35.8  −0.3  −2.38  0.020  0.799  r 
6  MDW  −0.97  0.573  2.04  41.5  37.2  −0.9  −1.69  0.095  0.329  a 
Table  6.  Output  of  the  analyses  related  to  the  response  explaining  the  inter-village 
variation  in  the  village  proportion  of  households  (Hh)  with  five  or  more  surviving 
agroforestry  tree  species  (Sp  ≥  5),  including  eight  independent  variables  (Bh  =  Hhs’ 
perception of tree ownership, Tws = average number of field workshops per Hh, MTM = 
main tilling method used in the village, MC = main crop cultivated in the village, Ttu = 
average number of farmer-to-farmer tours per Hh, VEVL = collaboration between project 
extension agent (PEA) and village leadership, Be3 = households’ perceptions of the effect 
of agroforestry on soil/crops, Kef = Hhs’ ranking of the PEA’s knowledge in agroforestry). 
For further explanations see Table 4. 
Step  Variable 
Parameter 
Estimate 
Standard 
Error 
Partial 
R
2 
R
2  R
2 adj 
Mallows 
C-p 
t-value  P-value 
Individual test 
P-value 
Intercept  0.59                   
1  Bh  6.20  1.846  21.57  21.5  20.6  25.7  3.36  0.001  0.000  r 
2  Tws  1.51  0.855  6.24  27.5  25.9  19.2  1.71  0.080  0.000  r 
3  MTM  -1.69  0.685  3.25  30.8  28.3  16.6  -2.47  0.016  0.742  a 
4  MC  1.73  0.641  4.29  35.1  32.0  12.5  2.69  0.009  0.550  a 
5  Ttu  4.70  2.071  2.08  37.2  33.4  11.6  2.27  0.026  0.000  r 
6  VEVL  0.91  0.516  2.19  39.3  34.9  10.5  1.77  0.080  0.016  a 
7  Be3  3.20  1.478  2.39  41.7  36.7  9.2  2.14  0.035  0.022  r 
8  Kef  -3.50  1.854  2.42  44.2  38.6  7.7  -1.86  0.066  0.599  r Sustainability 2013, 5  5183 
 
 
Table  7.  Output  of  the  analyses  related  to  the  response  explaining  the  inter-village 
variation in the average number of surviving agroforestry trees per household (Hh) (SrX), 
including  11  independent  variables  (Ttu  =  average  number  of  farmer  to  farmer  tours  
per Hh, Bh = Hhs’ perception of tree ownership, Be3 = Hhs’ perception of the effect of 
agroforestry on the soil/crop, MTM = main tilling method used in the village, MC = main 
crop cultivated in the village, VEVL = collaboration between project extension agent (PEA) 
and village leadership, VIM = duration of project activities in the village, LAK = distance 
from village centre to the lake shore, VELE = PEA’s level of education, Kef = Hhs’ ranking 
of the PEA’s knowledge in agroforestry, Ps = Hhs’ ranking of the labour demand to plant a 
tree seedling). For further explanation see Table 4. 
Step  Variable 
Parameter 
Estimate 
Standard 
Error 
Partial 
R
2 
R
2  R
2 adj 
Mallows 
C-p 
t-value  P-value 
Individual test 
P-value 
Intercept  −67.30                   
1  Ttu  85.00  12.490  27.97  27.9  27.1  27.9  6.78  0.000  0.000  r 
2  Bh  40.00  12.250  7.96  35.9  34.4  17.4  3.26  0.002  0.000  r 
3  Be3  31.00  10.270  3.75  39.6  37.5  13.5  3.05  0.003  0.030  r 
4  MTM  −14.90  4.820  3.12  42.8  40.0  10.6  -3.09  0.003  0.347  a 
5  MC  14.20  4.598  3.01  45.8  42.5  7.9  3.09  0.003  0.846  a 
6  VEVL  9.50  3.754  1.96  47.7  43.9  6.9  2.54  0.013  0.063  a 
7  VIM  0.33  0.153  1.91  49.6  45.3  5.9  2.14  0.035  0.055  a 
8  LAK  0.90  0.450  1.75  51.4  46.5  5.1  2.02  0.047  0.346  a 
9  VELE  9.10  4.707  2.07  53.5  48.2  3.9  1.94  0.056  0.373  a 
10  Kef  −30.00  13.750  1.74  55.2  49.5  3.1  −2.19  0.031  0.261  r 
11  Ps  18.00  11.460  1.38  56.6  50.4  3.0  1.56  0.122  0.365  r 
Table  8.  Output  of  the  analyses  related  to  the  response  explaining  the  inter-village 
variation in the accumulated total number of seasons from which households (Hh) had 
surviving agroforestry trees (SrS), including five independent variables (Tws = average 
number of field workshops per Hh, Bh = Hhs’ perception of tree ownership, SEX = gender 
of the project extension agent, Kef = Hhs’ ranking of the project extension agent’s (PEA) 
knowledge in agroforestry, VEIS = weeks of in-service training attended by the PEA). For 
further explanation see Table 4. 
Step  Variable 
Parameter 
Estimate 
Standard 
Error 
Partial 
R
2 
R
2  R
2 adj 
Mallows 
C-p 
t-value  P-value 
Individual test 
P-value 
Intercept  9.94                   
1  Tws  5.90  1.347  30.14  30.1  29.3  1.1  4.39  0.000  0.000  r 
2  Bh  7.70  3.196  3.31  33.4  31.9  −1.0  2.41  0.018  0.000  r 
3  SEX  −2.50  1.224  2.98  36.4  34.1  −2.7  −2.04  0.044  0.425  a 
4  Kef  −6.90  3.255  2.95  39.3  36.5  −4.3  −2.11  0.038  0.966  r 
5  VEIS  0.49  0.305  1.81  41.1  37.6  −4.5  1.60  0.114  0.008  a Sustainability 2013, 5  5184 
 
 
3.3.1. Village Proportion of Households with 1–30 Surviving Agroforestry Trees  
Eight variables were included in the model explaining 32.6% of the variation from one village to 
another in the proportion of households with 1–30 surviving agroforestry trees (Sr1-30, Table 4).  
According to the Mallows C-p value only two variables, farmer field workshops (Tws) and farmer 
to farmer tours (Ttu), proved important while in the individual tests Tws and the PEAs knowledge in 
agroforestry (Kef) were significantly related to the Sr1-30 proportion. 
Variables related to project interventions (Tws, Ttu and VIM) were the most influential variables in 
the Sr1-30 model. Farmer to farmer tours (Ttu) had a strong negative influence in the model and no 
influence at all if analysed separately against the Sr1-30-response. Similarly, the duration of project 
activities  in  a  village  (VIM),  a  belief  in the  good  effect of  agroforestry (Be3), and  the  weeks  of  
in-service training received by the PEA (VEIS) had a slight negative influence in the Sr1-30 model.  
3.3.2. Village Proportion of Households with 40 or more Surviving Agroforestry Trees  
The  model  explaining  the  variation  in  the  village  proportion  of  households  with  40  or  more 
surviving trees (Sr≥40) had six variables with an explanatory power (R
2) of 41.5%. According to the 
Mallows C-p criterion, three variables prove important; farmer to farmer tours (Ttu) perception of tree 
ownership (Bh) and main tilling method (MTM), while in the individual analyses Ttu, Bh and the 
households’ perception of the effect of agroforestry trees (Be3) proved significantly related to the  
Sr ≥ 40 proportion.  
Together,  farmer  to  farmer  tours  (Ttu)  and  the  households’  perception  of  tree  ownership  (Bh) 
represent over 70% of the explanatory power of the model (R
2, Table 5). The strong influence of Ttu 
and Bh were also verified by the Mallows C-p and in the individual analysis. This is in clear contrast to 
the Sr1-30 model. The positive influence of the PEA knowledge in agroforestry (Kef) in the Sr1-30 
model is here turned into a marginal negative influence. Another important difference between these 
two responses was the field workshops (Tws) that had the strongest influence in the Sr1-30 model but 
was not included in this model, indicating that Tws was not important for households’ decisions to 
continue  beyond  40  trees.  Similarly,  the  households’  perceptions  of  tree  ownership  had  a  strong 
influence in this model but were not included in the Sr1-30 model, indicating that tree ownership was 
not important to the households’ decisions to start planting trees but clearly for a more long-term 
commitment to agroforestry. The six variables included in the Sr ≥ 40 model represent four different 
subsystems  of  adoption;  the  project  (Ttu  and  Kef),  the  local  belief  system  (Bh  and  Be3),  the 
subsistence system (MTM) and the physical environment (MDW). 
3.3.3. Village Proportion of Households with Five or More Surviving Agroforestry Species 
The model explaining the variation in the proportion of households with five or more surviving tree 
species (Sp ≥ 5) includes eight variables with an explanatory power of 44.2% (Table 6). The included 
variables represent four subsystems of adoption; the project (Tws, Ttu and Kef), local belief system 
(Bh and Be3), the subsistence system (MTM and MC) and local governance (VEVL). There was a 
good agreement between the stepwise selected model and the Mallows criterion (i.e., the last included 
variable is close to eight (C-p = 7.7).  Sustainability 2013, 5  5185 
 
 
Households’ perceptions of tree ownership (Bh) contributed with almost half of the explanatory 
power in the Sp ≥ 5 model such that the proportion of households with five or more species was clearly 
higher in villages where many people believe they own the trees they plant. The Sp ≥ 5 proportion also 
increased with increasing number of field workshops (Tws). An increasing proportion of households 
believing in the good effect of agroforestry on soil and/or crop contributed marginally to increase the 
Sp ≥ 5-proportion. According to the individual analyses, five independent variables (Bh, Tws Ttu, 
VEVL, Be3) were significantly related to the Sp ≥ 5 proportion (Table 6). 
3.3.4. Average Number of Surviving Agroforestry Trees per Household  
Eleven  variables  were  included  in  the  regression  model  (Table  7),  explaining  56.6%  of  the  
inter-village variation in the average number of surviving agroforestry trees per household (SrX). All 
the five subsystems affecting adoption included in the study were represented in SrX model (Table 2). 
The influence of farmer to farmer tours (Ttu) had an overwhelming explanatory power. The perception 
of tree ownership (Bh) contributed more than twice as much to the explanatory power compared to any 
of the remaining variable. Judging from the Mallows criterion, the first six variables were important 
(Table 7). In the individual analysis only the first three variables (Ttu, Bh and Be3) proved significantly 
related to SrX.  
The average number of trees per household (SrX) increased with the number of farmer to farmer 
tours conducted in a village (Ttu), the number of households believing they own the trees they plant 
(Bh) and in the good effect of agroforestry trees (Be3).  
3.3.5. Number of Seasons from which the Households had Surviving Agroforestry Trees  
The  five  variables  included  in  the  model  explained  41.2%  of  the  inter-village  variation  in  the 
accumulated  total  number  of  seasons  from  which  the  21  sample  household  was  found  to  have 
surviving agroforestry trees (Table 8). In the individual analyses the number of field workshops (Tws), 
households’  perception  of  tree ownership  (Bh)  and in-service training of the PEA  (VEIS)  proved 
significantly related to the response. Tws was the only important variable as judged by the Mallows  
C-p value. 
The number of farmers training workshops in a village had a strong positive effect on the SrS 
response. SrS also increased with an increasing proportion of households believing they own the trees 
they plant. Again, as in the Sr ≥ 40, Sp ≥ 5 and the SrX models, households’ belief in the PEA’s 
capacity in agroforestry (Kef) had a negative effect in the SrS model. Although, this effect was only 
marginal in terms of R
2 the influence is consistent in all four models representing a long term and 
regular commitment to agroforestry. 
The fact that the SrX and the SrS models are different indicating that what is important in order to 
increase  the  number  of  surviving  trees  in  a  village  is  different  from  bringing  the  households  to 
continue  planting  trees  season  after  season.  The  project  and  the  households’  perceptions  of  tree 
ownership are important in both models. The farming system and local governance were part of the 
explanation to the variation in SrX but was not part of the Srs model. Another important difference 
was farmer to farmer tours that had the strongest explanatory power in the SrX model but was not Sustainability 2013, 5  5186 
 
 
included in the stepwise selected model of the SrS response. However, analysed separately, in a simple 
regression, farmer to farmer tours proved it is significantly (P-value < 0.0001) related to SrS.  
3.4. Pattern of Relationships 
The  project  field  workshops,  farmer-to-farmer  tours  and  the  households’  perceptions  of  tree 
ownership were the three most important variables for successful adoption of agroforestry. Variables 
related to the project and its operation, mainly the number of field workshops, explained the variation 
in  the  proportion  of  households  with  fewer  than  30  surviving  trees.  This  indicating  in  line  with  
Ajayi et al. [26] that factors related to the availability of information and training play an important 
role in farmers’ decision to start with and/or test a technology. In comparison, a large variety of 
variables, such as farmer to farmer tours, households’ perceptions of tree ownership and the benefit of 
agroforestry, representing at least four of the studied subsystems in each model (Table 2), proved 
important for a more tangible and long-term commitment to agroforestry. Taken together this result 
imply,  in  line  with  earlier  studies  (notably  [26,51–54]),  that  preconditions  are  more  complex  for 
households  to  proceed  beyond  the  initial  tree  planting  and  testing  stage  with  a  more  long  term 
commitment to agroforestry. This difference was further emphasized by the fact that the farmer to 
farmer tours had a strong negative influence on the proportion of households with few surviving trees 
and a clear positive influence on a more tangible and long-term commitment to agroforestry. Although 
only with a marginal influence, the same pattern was true for the households’ perception of the effect 
of  agroforestry  trees.  Also,  with  a  marginal  but  consistent  effect,  a  strong  belief  in  the  PEA’s 
agroforestry knowledge was important for household to start planting trees but not for them to continue 
with agroforestry. Ajayi et al.’s [26] argue that the explanation to this kind of contradictions can often 
be found in institutional and social contexts, and requires a deeper understanding of the dynamics of 
the  adoption  processes  of  the  respective  study  areas.  In  addition  to  the  influence  of  inter-village 
variations  on  agroforestry  adoption  there  were  also  differences  between,  wards,  divisions,  project 
zones and administrative districts that may influence project outcomes. These contradictions together 
with  the  strong  influence of households’ perceptions  and the  correlation between  the  independent 
variables found in this study show—in line with studies by Kiptot et al. [22], Pollini [55], Mercer and 
Miller [56], and Ajayi et al. [26]—the importance to consider a wider context, including socio-cultural 
dimensions and the learning processes involved in agroforestry adoption and scaling up.  
For  a  more  comprehensive  understanding,  it  is  thus  necessary  to  complement  this  quantitative 
analysis  with  an  analysis  including  qualitative  data,  considering  and  interpreting  the  relationships 
presented  in  this  study in  relation to  a  wider  socio-cultural  context,  the  scaling  up  process  itself, 
differences  in  governance  at  multiple  levels  and  interaction  between  the  social  and  
ecological subsystems [57,58]. 
3.5. An Increasing Proportion of Households with an Increasing Number of Surviving Seedlings 
Considering that 80% of the households in the project area were food insecure according to official 
statistics [34], a participation level above 20% among households increased the involvement of people 
and households with the most urgent needs. In addition, the project targeted mainly food insecure 
households. To raise seedlings in a home nursery, plant them in the farm, protect them and care for Sustainability 2013, 5  5187 
 
 
them to survive in areas with erratic rainfall and poor soils require investments in time and efforts that 
compete with other livelihood related and often reactive activities. A small scale farmer normally 
managed to do this with a few trees and species based on the motivation and skills he/she acquired 
from the first project training workshops. In most cases, for small scale farmers, to reach beyond  
40 surviving trees and more than five agroforestry species, required efforts over multiple seasons that 
in turn entails, a higher level of certainty about the ownership of trees and the experienced benefits of 
agroforestry. Also, more knowledge is needed to adopt agroforestry in addition to initial basic skills in 
tree planting. In addition, agroforestry is a long term activity that will require several years before the 
investments  results  in  an  improved  livelihood  situation.  On  individual  farms,  small  scale  farmers 
control at best some miscellaneous land (borders along roads and water bodies and the homestead) that 
can be used for tree planting apart from their arable land. Hence to move beyond 40 trees implied, for 
most households in the Mara lake zone, a move from tree planting to agroforestry, which require 
integration and management of trees with other farm practices and components of the farming system. 
Agroforestry systems, using trees for soil improvement have the potential to increase food production 
considerably  and  thus  consumption  levels  [6],  which  is  critical  for  the  large  proportion  of  food 
insecure households in Mara region. With the capacity to raise and integrate an increasing number of 
agroforestry  species,  such  as  fast  growing  legumes  and  fruit  trees,  small  scale  farmers  can  also 
diversify the output of their subsistence system, including, nutrition type and leaves (for food and 
fodder), fruits and nuts, fuel wood and timber [7]. An added advantage of tree crops is that food and 
fodder mature and can be harvested at a time when the agricultural food crops are in shortage. These 
added advantages of trees and agroforestry increase the resilience of the subsistence system. Also, the 
ecosystem  services  provided  through  an  increasing  tree  cover  in  the  landscape  such  as  improved 
erosion control, soil formation, water-holding capacity, increased carbon sequestration and supporting 
habitats  for  different  species  further  contribute  to  the  resilience  of  the  Mara  region.  The  carbon 
sequestered in agroforestry systems compared to normal agricultural systems carries a viable future 
opportunity through the growing potential for carbon trading [3,4].  
4. Conclusions 
Social and ecological differences between villages are important explanations to the variation in the 
rate of agroforestry adoption. Compared to the factors involved in households’ decisions to start with 
tree planting the preconditions to continue with agroforestry beyond the initial testing phase are more 
complex. Close to 60% of the households in the project villages (i.e., 20,000 out of 34,500) had 
surviving agroforestry trees, and, on average, 102 meter of soil improving hedges and 27 trees. This 
growing  capacity  in  agroforestry  among  small  scale  farmers  has  improved  the  sustainability  and 
resilience of both the social and the ecological system in the Mara region. The large proportion of 
households  with  a  large  number  of  surviving  agroforestry  trees  and  species  established  over  an 
increasing number of seasons, imply that a considerable motivation for and capacity in agroforestry 
has been built among the food insecure small scale farmers.  
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Appendix I. Description of independent variables. 
Dimension/variable  Description of variable  Scale  Type 
i. Local governance  
VEHh  Level of cooperation between VEA & households according 
to Project advisors & Zonal Managers;  
ordinal  
scale 
discrete  
1–5 
1 = very poor,  4 = good 
2 = poor,  5 = very good 
3 = normal,  
VEVL  Level of cooperation between VEA & village leadership to 
Project advisors & Zonal Managers;  
ordinal  
scale 
discrete  
1–5 
1 = very poor,  4 = good 
2 = poor,  5 = very good 
3 = normal   
VLHh  Level  of  cooperation  between  village  leadership  & 
households  according  to  Project  advisors  &  Zonal 
Managers;  
ordinal  
scale 
discrete  
1–5 
1 = very Poor,  4 = good 
2 = poor,  5 = very good 
3 = normal,  
Cle  The  village  proportion  of  households’  scoring  the 
cooperation between village leaders and project extension agent 
to be good out of three levels: 
- good 
- normal 
- poor 
ratio  
scale 
continuous  
0–1 
Clh  The  village  proportion  of  households’  scoring  the 
cooperation  between  village  leaders  and  themselves  to  be 
good, out of three levels:  poor, 2 =normal, 3 = good 
- good 
- normal 
- poor 
ratio  
scale 
continuous  
0–1 
ii. Local belief system 
Bh  The village proportion of households believing they own the 
trees they plant. 
ratio  
scale 
continuous  
0–1 
Be3  The village proportion of households believing in the good 
effect of agroforestry  
ratio  
scale 
continuous  
0–1 
Ps  The  village  proportion  of  households’  ranking  of 
PLANTING SEEDLINGS according to instructions among 
the  three  least  demanding  tasks  out  of  6  normal 
agricultural/agroforestry-tasks  
- making crop ridges 
- making tied ridges 
- plant cassava 
- sow tree seed 
- sow maize 
ratio  
scale 
continuous  
0–1 Sustainability 2013, 5  5193 
 
 
Appendix I. Cont. 
Dimension/variable  Description of variable  Scale  Type 
Ss 
 
 
 
 
 
 
 
 
The village proportion of households’ ranking the  
task to SOW TREE SEED according to instructions among 
the three least demanding tasks out of 6 normal 
agricultural/AF-tasks: 
- making crop ridges 
- making tied ridges 
- plant cassava 
- planting tree seedling 
- sowing maize 
ratio  
scale 
continuous  
0–1 
iii. Physical environment 
LAK  Mean distance from village middle to the Lake shore in km  ratio  discrete  
1–8 
MDW  Main source of domestic water:  
1 = Lake only 
0 = Other source 
binary  discrete  
0 or 1 
MS  Main soil type of the village: 
1 = Mbuga (clay rich soil) only and/or some Luseni 
0 = Luseni (sandy soil) only and/or some Mbuga 
binary  discrete  
0 or 1 
iv. Subsistence system  
MEA  Main Economic activity of the village: 
1 = Agriculture only/agriculture mainly and some fishing 
0 = Fishing mainly and some agriculture or fishing only 
binary  discrete  
0 or 1 
MTM  Main tilling method used in the village: 
1  =  Ridging  only  or  ridging  mainly  and  some  flat  
ox-ploughing 
0  =  Flat  ox-ploughing  mainly  and  some  ridging  or  flat  
ox-ploughing only 
binary  discrete  
0 or 1 
MC  Main Crop type: 
1 = Cassava only 
0 = Cassava and some other crop, i.e., uCotton, Sorghum 
and/or Maize 
binary  discrete  
0 or 1 
v. Project 
SEX  Gender of the project extension agent in the village: 
1 = female 
0 = male 
binary  discrete  
0 or 1 
VEIS  In-service training; No of weeks of in-service training that the 
project extension agent has participated in 
ratio 
scale  
discrete  
3–8 
VEM  No  of  months  that  the  project  extension  agent  has  been 
employed by the project 
ratio 
scale  
approximately 
continuous 3–75 
VEHL  Language  of  the  project  extension  agent  in  relation  to  the 
main language in her/his village: 
1 = the same language 
0 = not the same language 
binary   discrete 1 or 0 Sustainability 2013, 5  5194 
 
 
Appendix I. Cont. 
Dimension/variable  Description of variable  Scale  Type 
VELE  Duration/level of education of the project extension agent: 
1 = 3 yrs certificate, 2 years diploma or 3–4 yrs BSc 
0  =  Work  experience  and  no  education  or  up  to  2  yrs 
certificate education 
binary  discrete  
0 or 1 
VEDE  Education discipline of the project extension agent: 
1 = Education related to agriculture, livestock prod, forestry, 
and/or land-use 
0 = Community development, veterinary/animal health and/ 
or education/teacher 
binary  discrete  
0 or 1 
Kef  The village proportion of households’ ranking the project 
extension agent as number one in agroforestry knowledge 
among seven other key actors in the village;   agricultural extension agent  
- agricultural extension agent 
- village executive officer 
- village chairman  
- Hh interviewee (ideally household head) 
- wife or husband of interviewee/household head  
- son in the household 
- daughter in the household 
ratio  
scale 
Continuous  
0–1 
Def  The village proportion of households’ ranking the project 
extension agent as number one in devotion to agroforestry 
among five other key actors in the village;  agricultural extension agent 
- agricultural extension agent 
- village executive officer 
- village chairman 
- sub-village leader 
- active agroforestry farmer  
ratio  
scale 
Continuous  
0–1 
Tws  Total  number  of  field  training  workshops  that  the  
sample-households claim participation in divided by number of 
sample households (n = 21)  
ratio  
scale 
Continuous  
0–3 
Ttu  Total  number  of  farmer  to  farmer  tours  that  the  
sample-households  claim  participation  in  divided  by  the 
number of sample households (n = 21) 
ratio  
scale 
Continuous  
0–1 
VIM  No of months that the project have been active in a village  Ratio  
scale 
approximately 
continues 1–65 
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